Analysis of the recent studies and publications. When selecting strains of microorganisms for the development of biopreservatives for moist rolled grain, it is important to take into account: their technological efficiency and safety; osmotic tolerance (ability to withstand increased osmotic pressure and reduced humidity); the ability to synthesize organic acids (primarily lactic acid), production of antibiotic and antifungal substances [8] [9] [10] [11] [12] [13] . It is also important to assess the impact of the strains of microorganisms promising for production of biopreservatives on the trends of microbiological processes in the preserved rolled grain.
It is known that representatives of Bacillus subtilis possess high antagonistic and antifungal activity, on the basis of which both probiotics and biopreservatives are developed [14] [15] [16] . In addition to these properties, the mechanism of preservation action of B. subtilis lies in their ability to produce enzymes [17] , which break down carbohydrates, which are further transformed into organic acids (primarily lactic acid) [18] .
Objective. To study the dynamics of the development of microorganism populations in the preserved corn rolled grain under the influence of strains of Bacillus subtilis, promising for the creation of biological preservatives.
Materials and methods.
The study of the influence of strains of aerobic bacilli on the dynamics of the development of microorganism populations in the preserved corn rolled grain was conducted in the Laboratory of Probiotics at the Institute of Agricultural Microbiology and Agroindustrial Manufacture of the National Academy of Agrarian Sciences of Ukraine.
Study objects were 4 strains of B. subtilis from the collection of microorganisms of the Laboratory of Probiotics: B1, B6y, B32, 44-p, possessing high enzymatic activity [17] , show antagonistic and antifungal activity [18] .
Stock bacterial cultures were obtained under the use of standard digest media -meat-peptone broth (MPB) and MPA for 24 hours at 37°C ± 0.5°C. Further cultivation of aerobic bacilli was carried out on a synthetic medium consisting of water-soluble starch, MPB, treacle, and salts of magnesium, potassium and ammonium for 24 hours at 37 °C ± 0.5°C.
Preservation of corn grain with a moisture content of 30.2 % was carried out under the laboratory conditions in 3 L polyethylene containers. The following variants were tested: 1 -without bacterial treatment (control); 2 -treatment with B. subtilis B1; 3 -B. subtilis B6y; 4 -B. subtilis B32; 5 -B. subtilis 44-p. Suspensions of these strains were introduced at a rate of 8 × 10 9 CFU/kg raw material.
Samples were stored at room temperature in a dark place.
Preliminary microbiological and zootechnical study of moist corn grain was performed before the bacterial processing of raw materials.
Samples of corn grain to determine the total number of microorganisms, the amount of lactic acid bacteria, micromycetes, clostridia, the content of organic acids and pH were collected by conventional methods [19] at day 15, 30 and 70 of preservation, as well as after opening samples of preserved rolled grain at day 7 and 14.
The number of microscopic fungi and yeast was determined on Sabouraud medium by surface inoculation, followed by cultivation for 3-4 days (7-8 days, if necessary) at 28°С ± 0.5°C. The number of clostridia was determined on the iron sulphate agar by the number of black colonies that grew up in the depths of the medium for 24 hours of cultivation at 37°С ± 0.5°С. The total number of microorganisms on the preserved rolled grain was determined on MPA with deep inoculation, followed by cultivation for 5-7
days at 37°С ± 0.5°С. The presence of lactic acid bacteria was determined on MRS and cabbage agar with chalk, counting the number of colonies in 2-7 days of cultivation at 37°C ± 0.5°C [20] .
Determination of active acidity (pH) was carried out by potentiometric measurement of the activity of hydrogen ions using pH-meter (pH-150 MI) [19] .
The number of free and bound organic acids was determined by the Lepper-Flieg method [19] .
The results obtained are statistically processed using the Microsoft Office application package and presented in the form of means and their errors (M ± m) [21] .
Results and discussion. Under conducting studies on the total number of microorganisms in the preserved moist corn rolled grain after treating strains of aerobic bacilli in three variants (B subtilis B1, B32, 44-p), the peak of their development was determined at day 15 of preservation, then it was gradually decreasing ( Fig. 1 ) In general, in variants under treatment of grain with suspensions of aerobic bacilli, the total number of microorganisms reduced a tenfold compared with this parameter in the control at day 30 day and hundred fold -at day 70 of preservation.
Note: * -the day of preservation; ** -the day after the opening.
Fig. 1. Influence of B. subtilis on the dynamics of development of microorganisms (total number)
in the preserved moist corn rolled grain.
The smallest parameters of the total number of microorganisms at day 14 after opening samples of the preserved corn rolled grain were found in variants of B. subtilis B1, B6y and B32 and amounted to 1.5×10 8 , 1.8×10 8 and 1.6×10 8 CFU/g, respectively, versus 2.8×10 9 CFU/g in the control variant.
The number of epiphytic lactic acid bacteria (LAB) in the control variant at day 15 of preservation increased tenfold compared with this parameter in the raw material (from 1.0×10 8 CFU/g to 3.1×10 corn rolled grain, the parameters of the number of lactic acid bacteria in experimental variants were tenfold higher than in the control. The stability of feed to the process of aerobic deterioration depends on the number of yeasts in the preserved mass [22] . The dynamics of the number of yeasts under the influence of the test strains of aerobic bacteria indicates their rapid development at day 15 of preservation -1.25 to 2.96-fold increase, compared with the initial raw material, and a gradual decrease in their number in all experimental variants at day 30 and 70 ( Fig. 3) At the same time, in the control variant, the number of yeasts intensively increases (tenfold at day 70 of preservation) and continues to increase after the opening of the feed. The development of moulds in the preserved mass leads not only to deterioration of feed but also to the accumulation of mycotoxins dangerous to the animal health, which makes the feed unsuitable for feeding [22, 23] . The results of the study of the dynamics of the development of moulds in preserved moist corn rolled grain under the influence of strains of aerobic bacilli showed that their number in experimental variants up to day 30 of preservation is reduced and amounted to 1.0-2.5×10 3 , and is virtually not detected (0.12-0.22×10 3 CFU/g) at day 70 of preservation (Fig. 4) .
Fig. 4. Influence of B. subtilis on the dynamics of mould development in the preserved moist corn rolled grain.
At the same time, under access of air to the depth of preserved mass, when the feed is opened, the number of moulds increases, most of all in the control variant -4-fold at day 7 and 12.4-fold at day 14 (2×10 5 and 6.2×10 5 , respectively). In experimental variants, these parameters are shown within the ranges of acceptable contamination with microscopic fungi (the maximum allowable range -up to 5×10 4 CFU per 1 g feed) [24] that is 0.1-2×10 4 , suggesting better aerobic stability of the moist corn rolled grain under treatment with test strains of B. subtilis. The lowest number of moulds after opening was registered in the variants of B. subtilis В1 and В6у.
Butyric acid bacteria of the genus Clostridium, which produce butyric acid and contribute to the loss of energy up to 20%, are undesirable in the process of silage [17; 18] . In the study of the number of butyric acid bacteria of the genus Clostridium in the preserved moist corn rolled grain only in some variants (from B. subtilis В6у, В32, 44-р), isolated colonies were detected at day 15 of preservation. At day 30 and 70, no growth of butyric acid bacteria was detected in any variant, which indicates the accumulation of a sufficient amount of lactic acid and a decrease in acidity to an optimal level. In addition, in the control variant, butyric acid bacteria were detected at day 15 of preservation and after the opening of the feed.
Study of the dynamics of reducing the level of acidity, accumulation of organic acids and their ration in the preserved mass is important to evaluate the factors affecting the efficiency of fermentation processes and maintenance of preserved corn rolled grain, along with microbiological parameters.
In the course of study, it was established that in the control variant (without treatment of raw materials by suspensions of microorganisms) the ratio of organic acids in the process of preservation varied as follows: at day 15 the proportion of lactic acid in the acid content was more than 83%, at day 70 -more than 76 %, and after opening at day 14 -only 10 % (Table 1) . At the same time, the proportion of butyric acid in this variant at day 14 after opening was over 89 %, indicating that the preserved mass created favourable conditions for the rapid development of butyric acid bacteria. However, in experimental variants (with the treatment of grain with suspensions of aerobic bacilli strains), the proportion of lactic acid at day 14 after the opening of the feed was an average of 76.6 % in all variants in the absence of butyric acid. It should be noted that the acidity of the feed (Fig. 5 ) in the preservation process in the experimental variants was significantly lower in relation to the control and ranged from pH 3.5 to pH 3.6 versus pH 5.6 in the control at day 15, and pH 3.6 to pH 4.1 versus pH 5.3 in the control at day 70 of preservation. 
